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Abstract 
Silicon micromachined deep brain multielectrodes (up to 70 mm) with monolithically integrated microfluidic 
channels have been realized to perform simultaneous electrical recording and drug delivery in deep brain regions. 
Fabrication process of the drug delivery channels and the Pt recording sites is demonstrated. Electrical 
characterization, impedance tuning and in-vivo testing of the developed probes are also presented. The functionality 
of the buried microfluidic channel is verified and pressure-flow characteristic of the channel is established. 
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1. Motivation 
During the last decade deep brain stimulation (DBS) has become a routine method for the treatment of 
advanced Parkinson’s disease. DBS of selected brain regions can dramatically relieve tremor and rigidity. 
Numerous groups are attempting to extend this mode of treatment to dystonia, Tourette syndrome, variety 
of pain, depression, and obsessive compulsive disorder [1]. Simultaneous chemical and electrical 
interactions with the very same groups of cells of an active brain area might induce accelerated progress 
in these studies. Long-term stability of electrophysiologic implants can also be enhanced with the help of 
continuous dosage of anti-inflammatory drugs via drug-delivery channels. Micromachined neural probes 
are widely used in electrophysiology and attempts are made to integrate microfluidical channels to them 
[2,3]. 
In our paper we present the fabrication method, electrical and fluidic characterization and in-vivo 
testing of the first silicon deep brain multielectrode with monolithically integrated fluidic channel.  
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Fig 1. a) Schematic view of the realized probe, blue: Pt wiring for electrical recording, dark grey: monolithically 
integrated fluidic channel b) simplified fabrication process c) Realized silicon deep-brain probes with 15-70mm shaft 
length. The inset shows the wire bonded multielectrodes on PCB ready for in-vivo testing. b) Different electrode 
designs. 
2. Fabrication process 
For the fabrication of the fluidic channel an improved process flow of the buried channel technique was 
developed and applied [4], which left the surface available for further processing. Fabrication process and 
schematic view of the realized probes are shown in Fig 1.  
After the formation and sealing of the channels passivation layers have been deposited and Pt wiring was 
formed using lift-off technique. A silicon-nitride/silicon-oxide multilayer stack was deposited by LPCVD 
technique and the contact windows were formed. Using a double layer Al and photoresist mask stack 
deep reactive ion etching (DRIE) was used to form the body of the probes.  
Various Si probe geometries with 4 up to 16 Pt recording sites have been created on the very same wafer 
with 15 to 70mm length, 180 and 360μm width and 200um thickness.  
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Fig. 2. (a) Impedance values of the electrical channels of a probe. Average of original values: 998 ± 65 kΩ (blue). 
After activation with 500 mV (orange) and 1000 mV amplitude (green), 0.1 kHz AC signals: 795 ± 19 kΩ and 
517 ± 43 kΩ. (b) Cross-sectional scanning electron microscopy image of a probe with two parallel monolithically 
integrated drug delivery channels. The inset shows the plane view optical microscopy image of the multielectrode.  
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3. Electrical characterization 
Electrical characterization of the recording sites and impedance reduction was carried out in Ringer’s 
lactate solution. Sufficiently low impedance of the electrodes is a key factor in obtaining high quality 
signal recording. Controlled and monitored activation of Pt recording sites were carried out, with a two-
step process, and a 48% reduction was achieved on the average (Fig. 2.a). 
 
4. Fluidic characterization 
The fluidic microchannels were geometrically characterized by cross sectional SEM imaging (Fig. 2.a). 
The cross section of the channels can be easily tuned in the 5-30μm range by the modification of the 
isotropic dry etching step [4]. 
A Teflon© tube connection was established between the macro-pump and the in-plane delivery channel 
and pressure-flow rate characteristics of the microfluidic system was measured. The microfluidic 
channels were driven by an isobar-pump, which ensured constant flow-rate of deionised water. The 
microfluidic interface to the microprobe is illustrated by Fig. 3.a. 
A measured representative pressure versus flow rate relationship is shown in Fig. 3.b. Pressure up to 
200kPa has been applied, while microchannel outlet was sampled by micropipettes. The volumetric flow 
rate was derived from the collected amount of sample and time required. As expected from laminar flow 
theory, the flow–pressure relationship is linear and the proportionality factor is the hydraulic resistance. A 
rough approximation for the flow rate through an arbitrary shaped microchannel derived from Navier-
Stokes equation is the following [5]: 
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where Q is the flow rate, p is the pressure, η is the viscosity of the fluid, A is the effective area, P is the 
perimeter of the cross section and L is the length of the channel. The effective area and perimeter of the 
fabricated channel was approximated with a semi-circle and a triangle (shown on Fig.3.b inset) based on 
cross sectional SEM images. Comparison of the measured and calculated flow rate values at different 
pressures for a 30 mm long drug delivery channel is shown on Fig.3.b.  
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Fig. 3. Pumping DI water through the integrated drug delivery channel. b) Representative pressure-flow rate 
characteristics. Inset in the upper left corner shows the schemaic cross section of a channel. 
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Fig.4. a) Recording single unit activities of two different neurons in rat brain using four different channels of the deep 
brain silicon probe. b) Frequency analysis of signals recorded before (green curve) and after (red curve) PDC 
injection through the fabricated monolithically integrated drug delivery channel.  
 
5.  In-vivo tests 
Preliminary in-vivo testing of the novel deep-brain probes was carried out in rat brain, where it can easily 
penetrate both the dura and pia mater and exhibit excellent performance in local field potential, multi-unit 
and single unit activity recordings (Fig. 4.a). The functionality of the drug delivery channel was studied in 
vivo through the effect of pyrrolidine-2,4-dicarboxylic acid (PDC) on neural activity in rat hippocampus. 
Application of PDC can enhance gamma oscillation (25-100Hz). A drug delivery Si probe, releasing PDC 
has been implanted into a rat hippocampus and a slight increase of the amplitudes of gamma waves after 
PDC injection can be observed (Fig.4.b). 
Summary 
Deep-brain Si multielectrodes with integrated drug delivery channels have been fabricated, characterized 
and tested. Both the electrical and fluidic performance of the probe has been investigated. Hydraulic 
resistance of the channel was calculated and measured showing good consistency. The typical flow rate 
values are in the 0.6-1.9μl/min range at pressures below 200kPa. The performed in vivo test proved that 
the fabricated hollow microprobes are applicable as drug delivery devices in neural or other medical 
implants. 
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